Background-Admission measures of renal function (blood urea nitrogen [BUN], estimated glomerular filtration rate [eGFR]) in patients hospitalized for worsening heart failure are predictors of in-hospital outcomes. Less is known about the changes and relationships among these variables and the postdischarge survival rate.
S mall or moderate decreases in renal function have been shown to be associated with significant morbidity and mortality in patients with chronic heart failure and asymptomatic left ventricular systolic dysfunction. [1] [2] [3] Recently, several studies have reported the association between the development of worsening renal function in patients admitted to hospital with decompensated heart failure and poor clinical outcomes. 4 -7 All these prior studies have used serum creatinine, estimated creatinine clearance, or serum creatininebased estimates of glomerular filtration rate (eGFR) to assess kidney function. However, estimates of kidney function based primarily on serum creatinine may not adequately assess acute changes in actual GFR or other aspects of kidney function, particularly in patients with decompensated heart failure in whom neurohormonal activation and hemodynamic abnormalities may play a prominent role. 8, 9 Editorial p 2 Clinical Perspective p 33
The blood urea nitrogen (BUN) concentration has been considered a less specific marker of kidney function than eGFR. However, in addition to reflecting GFR, BUN may rise independently of changes in GFR because of enhanced proximal and distal tubular reabsorption under the activation of the sympathetic, renin-angiotensin-aldosterone, and arginine-vasopressin systems. 8, 9 Although BUN has been associated with adverse outcomes and has previously been incorporated into acute heart failure risk prediction models, 10, 11 it has not been investigated in patients with decompensated heart failure in conjunction with other measures of kidney function (ie, eGFR). In addition, data on changes in renal function during hospitalization for decompensated heart failure and postdischarge outcomes are scarce.
In a retrospective analysis of the Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIME-CHF), we aimed to determine whether there was an independent increase in postdischarge death and readmission rates observed with higher admission BUN compared with baseline eGFR and with changes in BUN during the index hospitalization for decompensated heart failure.
Methods

Study Design
The study design 12 and primary results of OPTIME-CHF have been published previously. 13 OPTIME-CHF randomized 949 patients with systolic dysfunction and worsening heart failure to receive 48 to 72 hours of intravenous milrinone (0.5 g · kg Ϫ1 · min Ϫ1 without a loading dose) or placebo in a double-blinded fashion. Patients requiring inotropic support and those with evidence of active myocardial ischemia within the prior 3 months, serum creatinine Ͼ3.0 mg/dL, systolic blood pressure Ͻ80 mm Hg, or unstable arrhythmias were excluded. Background therapy was left to the discretion of the treating physician, but recommendations for optimal medical therapy based on published guidelines were included with the study protocol. 12 Invasive hemodynamic monitoring was not recommended by the study protocol and was left to the discretion of the individual investigators. The primary end point was the total number of days hospitalized for cardiovascular causes within 60 days of randomization. 12 Days lost to follow-up and days deceased were prospectively included in the primary end point to avoid bias toward a therapy with an increased death rate. 12 For instance, a patient hospitalized initially for 7 days after randomization who then dies on day 45 of the 60-day follow-up would have 22 days as the primary end point. Important secondary end points were death by 60 days after discharge, the composite of death and readmissions at 60 days, the ability to reach target dosing of angiotensin-converting enzyme (ACE) inhibitors at discharge, and quality of life. The latter was assessed with a visual analog scale from 0 (worst) to 100 (best) and a subjective health status questionnaire assessing activity limitations, symptoms, and/or emotions as better, worse, or same. 12 End points for this analysis were the same as those in the overall OPTIME-CHF, as previously described. 15, 16 we defined worsening renal function during hospitalization as a Ն25% decrease in eGFR or a Ն25% increase in serum BUN from admission to discharge.
Renal Function
Data Analysis
Complete BUN data on admission were available for 936 of the 949 patients enrolled in the study. Continuous variables are presented as median values with interquartile ranges; categorical variables are shown as percentages of nonmissing values. The data are displayed in quartiles. All analyses were performed on the basis of the intention-to-treat principle. Contingent on the assumptions of normality, 1-way ANOVA or the Kruskal-Wallis test was used to explore the relationship between continuous baseline variables and serum BUN or eGFR across quartiles. Pearson's 2 statistics or Fisher's exact test was used to examine the association between serum BUN and eGFR quartiles and baseline categorical variables. If there was a significant difference across quartiles, we then examined the significance between the reference quartile and the other 3 quartiles. A similar approach was taken for outcomes except for the primary and secondary end points of the trial. Because of the nonnormality of the primary end point, the Kruskal-Wallis test was used to examine the association between serum BUN and eGFR quartiles and this outcome. For the main dichotomous outcomes measures of in-hospital death and death/rehospitalization to 60 days, logistic regression analysis was used to examine the overall association of outcome and serum BUN or eGFR as continuous variables. If the overall model was significant at the 0.05 level, we examined the significance between the reference quartile and the other 3 quartiles. The relationship between serum BUN or eGFR and death by 60 days was explored by Cox proportional-hazards regression. For this purpose, the follow-up for each individual patient was limited to the first 60 days after enrollment, and the time to death was evaluated within this interval. If the overall model was significant at the 0.05 level, we examined the significance between the reference quartile and the other 3 quartiles. Multivariable analysis was used to assess the independent risk of serum BUN or eGFR on clinical end points. The multivariable analysis model has been described previously 11 and included 43 candidate variables that were considered that reflected demographics, cardiac history, comorbidities, bedside clinical assessment, and laboratory studies. Within each category, the most likely predictors were identified through the use of backwardvariable selection, and variables were removed from the model at PϾ0.05. The significant predictors from each of these 5 groups were combined, and 6 prespecified covariates were added if they had not already been included: age, sex, ethnicity, ejection fraction, cause, and systolic blood pressure. These covariates were included on the basis of the high theoretical likelihood that they would be associated with outcomes. Backward stepwise variable selection was performed again, and a model was generated. For this analysis, we then added candidate variables associated with renal function if they were not included in the selective modeling process. This allowed us to adjust for previously known predictors in this study population. When analyzing the relationship between changes in serum BUN and 60-day death rate, we fitted restricted cubic splines to look for linearity in the log-hazards ratio in the Cox model. The effect of milrinone on changes in BUN and eGFR during hospitalization was examined in survivors of initial admission by using linear regression with baseline values as covariates for each measure. Two-sided values of PϽ0.05 were considered significant for all analyses. Analyses were performed with SAS version 8.2 (SAS Institute Inc, Cary, NC).
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Results
Baseline Characteristics
The baseline characteristics of the study patients across serum BUN quartiles are presented in Table 1 . The median serum BUN on admission was 25 mg/dL (interquartile range, 17 to 41 mg/dL). Patients with higher serum BUN were more likely to be older, to be diabetic, and to have a history of atrial fibrillation, an ischemic origin of their heart failure, more severe heart failure (higher number of admissions in the prior year), and a longer duration of their disease. These patients also had a higher jugular venous pressure and a lower systemic blood pressure and were using fewer ACE inhibitors and more diuretics. However, the left ventricular ejection Hospitalizations in the prior 12 months, n fractions, symptoms, and heart failure scores were similar across quartiles. No intravenous vasodilators were used throughout the study period. On admission, eGFR was 51 mL · min Ϫ1 · 1.73 m Ϫ2 (interquartile range, 37 to 70 mL · min Ϫ1 · 1.73 m Ϫ2 ); thus, more than half of the patients could be categorized as having chronic kidney disease. 17 In general, baseline characteristics of the study patients across eGFR quartiles had a similar trend, with patients in the lower eGFR groups having a less favorable clinical profile (data not shown).
Outcomes by Admission Serum BUN Concentrations
The outcomes of the study patients across serum BUN quartiles are presented in Table 2 . The primary end point of days hospitalized for cardiovascular causes within 60 days of randomization was higher in the highest BUN quartile than in the others: 9 days (range, 5 to 24 days), 7 days (range, 4 to 14 days), 6 days (range, 4 to 11 days), and 5 days (range, 4 to 9 days; PϽ0.01 for each quartile versus the highest), respectively. The in-hospital and raw 60-day death rates also were increased in the highest quartile: 8.9%, 1.3%, 0.9%, and 0% (PϽ0.01 for in-hospital death) and 22.1%, 6.7%, 4.8%, and 3% (PϽ0.01 for postdischarge death), respectively. In addition, patients in the highest BUN quartile had higher rates of death or rehospitalizations at 60 days ( Table 2) .
Minimal differences were observed in the rates of treatment failure (defined as sustained hypotension for Ͼ30 minutes requiring intervention, myocardial ischemia and arrhythmias, worsening heart failure, and failure to achieve adequate clinical improvement at 48 hours after study drug infusion) while on study drug across serum BUN quartiles. Independently of admission blood pressure, significantly more patients with high serum BUN developed sustained hypotension that required intervention ( Table 2) .
Patients with higher serum BUN concentration also were less likely to reach target dosing of ACE inhibitors by the time of discharge ( Table 2 ).
Baseline quality-of-life scores were comparable across serum BUN quartiles. Although all patients had substantial improvement over baseline in the visual analog of quality of life by hospital discharge that was maintained at the 60-day follow-up, patients in the higher serum BUN quartiles had less improvement at all time points than did patients in the lower BUN quartiles. There was no difference in the baseline quality of life by the subjective health status questionnaire in 
Outcomes by Admission eGFR
The main clinical outcomes of the study patients across eGFR quartiles are presented in Table 3 . The primary end point of days hospitalized for cardiovascular causes within 60 days of randomization was higher in the lowest eGFR quartile than in the other quartiles. The in-hospital and raw 60-day death rates also were increased in the lowest eGFR quartile: 6.8%, 3.4%, 1.3%, and 0.4% (PϽ0.01 for in-hospital death) and 19%, 10.8%, 3.9%, and 4.3% (PϽ0.01 for postdischarge death), respectively. Patients in the lowest eGFR quartile also had higher rates of death or rehospitalization at 60 days (Table 3) . Multivariable-adjusted Cox proportional-hazards analysis comparing the 2 multivariable models showed that admission serum BUN was a stronger predictor of death by 60 days after discharge than was admission eGFR ( 2 , 11.6 versus 0.6 for BUN and eGFR, respectively).
Changes in eGFR and Serum BUN Concentration
In the patients surviving to discharge, there was an average 1.1-mL · min Ϫ1 · 1.73 m Ϫ2 decrease in eGFR and a 4.8-mg/dL increase in BUN from admission to discharge. Serum BUN increased by discharge in all admission quartiles: 1 mg/dL (interquartile range, Ϫ10 to 13 mg/dL), 3 mg/dL (interquartile range, Ϫ2 to 11 mg/dL), 3 mg/dL (interquartile range, Ϫ2 to 9 mg/dL), and 4 mg/dL (interquartile range, 1 to 10 mg/dL; PϽ0.001, all quartiles compared with the highest). One hundred six patients (12%) had a Ͼ25% decrease in eGFR, and 341 patients (39%) had a Ͼ25% increase in serum BUN by discharge. In addition, there were minimal changes in ACE inhibitor doses between admission and discharge, and there was no correlation between changes in ACE inhibitor doses and changes in BUN from admission to discharge (rϭ0.07).
Multivariable Analysis
The findings of the Cox proportional-hazards model were consistent with those of the unadjusted analysis for the primary end point and for 60-day death rate. After adjustment for baseline differences, serum BUN on admission remained a significant predictor of the number of days hospitalized for cardiovascular causes within 60 days of randomization (PϽ0.01). Admission serum BUN, when modeled linearly, remained a significant predictor of increased 60-day death rate (hazard ratio [HR], 1.11 per 5-mg/dL increase; 95% CI, 1.07 to 1.15; PϽ0.01). This translates into an 11% relative increase in the hazard of death within 60 days of hospitalization for every 5-mg/dL increase in admission BUN ( Figure  1 ). Other predictors of death by 60 days were increasing age (HR, 1.26 per 10-year increase; 95% CI, 1.06 to 1.51; Pϭ0.01), lower admission systolic blood pressure (HR, 1.28 per 10-mm Hg decrease; 95% CI, 1.12 to 1.46; PϽ0.01), New York Heart Association class IV symptoms (HR, 1.93; 95% CI, 1.22 to 3.04; PϽ0.01 versus New York Heart Association class II to III), and lower admission serum sodium (HR, 1.22 per 3-mEq/dL decrease below 140 mEq/L; 95% CI, 1.04 to 1.42; Pϭ0.01).
Patients whose serum BUN decreased or did not increase Ͼ10 mg/dL by the time of discharge did not have an increased 60-day death rate: BUN (per 5-mg/dL increase below 10 mg/dL) had an HR of 0.99 (95% CI, 0.89 to 1.11; Pϭ0.92). However, a Ͼ10-mg/dL increase in BUN during hospitalization (independent of admission values) was associated with worse 60-day survival rate: BUN (per 5-mg/dL increase above 10 mg/dL) had an HR of 1.08 (95% CI, 1.01 to 1.16; Pϭ0.02). This translates into an 8% relative increase in the hazard of death within 60 days of discharge for every 5-mg/dL increase in BUN during hospitalization (above a 10-mg/dL increase) independently of admission values (Figure 2 ).
Effect of Milrinone Treatment
Use of milrinone was associated with a minor but statistically significant improvement in renal function during hospitalization. Although BUN increased in both groups from admission to discharge, the mean increase was 3.4 mg/dL in the milrinone group, compared with 5.9 mg/dL in the placebo group (Pϭ0.01). Similarly, although eGFR decreased in both groups during hospitalization, the mean eGFR decrease was 0.27 mL · min Ϫ1 · 1.73 m Ϫ2 in the milrinone group, compared with 1.9 mL · min Ϫ1 · 1.73 m Ϫ2 in the placebo group (Pϭ0.07). There was no difference in the proportion of patients who experienced a Ն25% worsening in their renal function from admission to discharge between the placebo and milrinone groups. There also were no differences observed in the number of days hospitalized for cardiovascular causes within 60 days of randomization, regardless of the treatment assignment (milrinone or placebo) for any of the baseline serum BUN quartiles. The 60-day death rate also was similar across BUN quartiles in the patients treated with milrinone and those treated with placebo ( Table 4 ). The interaction between treatment assignment and serum BUN was not significant for any outcome (PϾ0.2), which indicates that the relationship between baseline serum BUN and end points did not differ between treatment groups (Table 4 ).
Discussion
Our present analysis, conducted in a sample derived from a large randomized clinical trial, adds to the growing evidence that cardiorenal dysfunction is common in patients hospitalized with heart failure and that its presence is associated with poor outcomes. 18, 19 The main findings of our study are the following: (1) Two thirds of the patients admitted with worsening heart failure have an elevated BUN, and more than half have an impaired eGFR on admission; (2) 40% of these patients had a Ͼ25% increase in BUN, and 12% had a Ͼ25% decrease in eGFR by the time of discharge; (3) BUN is a powerful independent predictor of outcome (Patients with higher admission BUN experience an increased number of days hospitalized for cardiovascular causes and increased risk of death within 60 days of discharge); (4) independently of admission values, rising BUN during hospitalization predicts Because decreases or increases in BUN Ͻ10 mg/dL during hospitalization were not significantly related to postdischarge death rate, the figure is truncated to ease presentation. CL indicates confidence limit.
increased risk of death within 60 days of discharge; and (5) milrinone treatment in this high-risk group did not improve outcomes, despite a minor improvement in renal function, contrary to the common belief that agents with positive inotropic effects may help patients with cardiorenal dysfunction.
In agreement with other studies, 1-4,20 -23 two thirds of our patients had an abnormal BUN at the time of the admission. The increased in-hospital and postdischarge death rate in our analysis was of a magnitude similar to that described in prior studies. [22] [23] [24] Interestingly, when we compared the admission BUN and eGFR, BUN was a stronger predictor of death by 60 days after discharge than was eGFR. Similar findings were reported recently in a large Medicare cohort in which a higher BUN on admission to the hospital was a better predictor of postdischarge death than were creatinine-based measures in patients hospitalized for myocardial infarction or heart failure. 25 Traditionally, serum BUN concentration has been considered a less specific marker of kidney function than eGFR. However, BUN may rise independently of changes in GFR because of enhanced proximal and distal tubular reabsorption under neurohormonal activation. 8, 9 Forty percent to 50% of filtered urea is reabsorbed predominantly by the proximal tubules, being linked to the reabsorption of sodium and water under the effects of the renin-angiotensin-aldosterone and ␤-adrenergic systems. 8, 9 Increased renal venous pressure in response to increased central venous pressure causes an increase in renal interstitial pressure and in the hydrostatic pressure in Bowman's capsule. 26 As result, angiotensin II concentration increases, leading to further sodium, water, and urea reabsorption in the proximal tubule. 26, 27 In the collecting duct, on binding to V2 receptors, vasopressin increases urea permeability through activation of urea transporters, enabling urea to diffuse into the inner medullary interstitium and increasing its reabsorption and the serum BUN concentration. 8, 9 In contrast, because creatinine is not reabsorbed but is in fact secreted by the kidney, BUN can rise in the absence of decreases in eGFR.
Although serum creatinine and eGFR are accurate measures of renal function under stable conditions, they may not accurately reflect the totality of underlying processes that occur in the context of decompensated heart failure. In the decompensated state, BUN may be a better prognostic indicator than eGFR, being a marker of a "vasomotor nephropathy" attributed to a transient renal dysfunction related to afferent/efferent arteriolar perfusion mismatch resulting from hemodynamic, neurohormonal, and inflammatory factors.
In outpatients with stable heart failure, worsening renal function occurs at a relatively slow rate of Ϸ3% over 6 months. 28 In contrast, several studies have shown that 30% to 40% of the hospitalized patients with heart failure will have a Ͼ0.3-mg/dL rise in their creatinine level by the time of discharge. 4 -7,15,21,29,30 In general, this acute worsening occurs within 3 to 4 days of hospitalization and is associated with an increased length of stay and higher risk of in-hospital and postdischarge death. 4 -7,15,21,29 -32 In keeping with the results of the prior studies, 39% of patients in OPTIME-CHF had a Ͼ25% increase in BUN by the time of discharge, and 12% had a Ͼ25% decrease in eGFR. Although serum BUN may be a better prognostic indicator than creatinine-based measures in decompensated heart failure patients, none of the prior studies have examined the prognostic value of changes in BUN in this population. We found that an increase in BUN during hospitalization, independently of admission values, was associated with worse 60-day survival rate; there was an 8% relative increase in the hazard of death within 60 days of discharge for every 5-mg/dL increase in BUN by the time of discharge.
Although the transient administration of positive inotropic agents is known to improve hemodynamics and has been thought to be one of the most effective ways to mitigate worsening renal function, 33 in the present analysis, the use of milrinone was not associated with improved outcomes despite a minor improvement in renal function. However, these findings cannot be extrapolated to other positive inotropic agents without vasodilating and hypotensive effects.
Many prior reports examining the prognostic value of renal dysfunction in hospitalized heart failure patients were small, consisted of retrospective medical records review, or took into account single measures of renal function. The present retrospective analysis is the first to examine this relationship by using data from a prospective, randomized clinical trial that had an extensive standardized assessment of baseline characteristics and outcomes and a 99% complete follow-up rate. In addition, we were able to compare the predictive value of admission BUN and eGFR and to analyze changes in serum BUN between admission and discharge. The present analysis has several limitations. The study sample is derived from a randomized controlled trial and consists solely of patients with impaired systolic function. Whether serum BUN concentration would be predictive of outcomes in patients hospitalized for heart failure and preserved systolic function deserves further investigation. Patients enrolled in OPTIME-CHF, however, appear to have a clinical profile similar to that of unselected registry patients hospitalized for heart failure who have left ventricular dysfunction. 20 Although emerging data suggest that the use of diuretics may be associated with worsening renal function and outcomes in patients hospitalized with heart failure, 29, 34, 35 we did not have complete data on the amount of diuretic use in our patients. Therefore, we cannot comment on the relation between diuretic doses and change in BUN. We chose a specific cutoff to define changes in renal function (ie, 25% worsening) based on prior work in heart failure 15 and in contrast-induced nephropathy, the most studied type of renal injury in hospitalized patients with cardiovascular disease 16 ; use of other cutoffs (eg, 0.3-mg rise in creatinine) 5 may change the proportion of patients who have worse renal function during a heart failure hospitalization. However, the added prognostic value of changes in BUN should not be affected because we used it as a continuous variable in our modeling. Finally, although higher serum BUN is related to higher risk of death, care must be taken in the interpretation of the exact shape of the relationship because of the relatively small number of deaths observed.
Conclusions
In this retrospective analysis that used data from a randomized clinical trial, we found that in patients hospitalized for worsening heart failure and systolic dysfunction, serum BUN on admission and rising BUN during hospitalizations (independently of admission values) are important predictors of increased number of days hospitalized for cardiovascular causes and increased rate of death within 60 days of discharge. Moreover, use of milrinone, an agent with positive inotropic and potent vasodilator actions, did not improve clinical outcomes, despite minor improvements in renal function. The high short-term mortality and morbidity in these patients underline the importance of identification of interventions that may prevent renal dysfunction and improve outcomes.
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